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RESULTS OF INVESTIGATION IA110 ON A 0.015-SCALE 
INTEGRATED CONFIGURATION O p THE SPACE SHUTTLE VEHICLE 
IN THE ARC 9 x 7 SUPERSONIC WIND TUNNEL 
USING MODELS 67-TS AND 49-0 
By 

E. Chee, Rockwell International Space Division 
ABSTRACT 

Results of test IA110 are presented In this report. An 0. 015-scale 
Space Shuttle Vehicle model was tested In the Ames Research Center 9 x 7 
Supersonic Wind Tunnel during July 1974 to Investigate Orblter wing bend- 
ing, elevon panel loads, and elevon effectiveness. Mach numbers from 1.5 

through 2.5 were Investigated. Angles of attack and sideslip were varied 
from -8 degrees through +8 degrees. 

Post test analysis of raw wind tunnel data Indicated a zero shift 
had occured In the wing bending and torsional gages during the test. The 
mechanism by which this shift occured was not determined. Therefore, all 
the wing root bending and torsional moment data Is suspect. 

Data figure 18 presents comparisons with data from test IA70 (DMS-DR- 
2175). The same model and Instrumentation was used for both bests. 
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NQM5NCLATURE 

General 


HXMBOL 

SAD8AC 

3XMB0L 

DEFINITION 

fl 


npfi«d of noundj m/aee, ft/a«c 

Op 

CF 

pptniaupo coefficient; (p^ - p B )/q 

M 

MACH 

Mach number; v/n 

P 


pressure j N/m :: , paf 

<1 

Q(NSM) 

H(FSP) 

dynamic pressure; I /Zp'fi, N/m 2 , paf 

BN/L 

KN/L 

unit Reynolds number} per m, per ft 

V 


velocity; m/oeo, ft/sec 

a 

ALPHA 

uni'll: of attack, degrees 

fi 

BETA 

angle of oideolip, degrees 


PSI 

angle ol’ yaw, degrees 


PHI 

angle of roll, degrees 

P 


macs density} kg/m 3 , slugs/ft 3 

Ab 


Reference & C.Q. Definitions 
base area; m 2 , ft 2 

b 

HREF 

wing span or reference span; m, ft 



center of gravity 

/rep 

TjHGP 

reference length or wing mean 

c 


aerodynamic chord; m, ft 

8 

SREF 

wing area or reference area; m 2 , ft 2 


MRP 

moment reference point 


XMRP 

moment reference point on X axle 


YMRP 

moment reference point on Y axis 


f’Mnr 

moment reference point on Z axis 

SUBSCRIPTS 

b 


base 

l 


local 

3 


static conditions 

t 


total condition;; 

00 


free stream 


G 


WAMWOLATUHE (Continued) 


Tlorty-Ax t.i i'.ynlntii 


OYMBOTi 

flAir.Ar: 

nnmnL 

DKPINTOOM 

(! n 

CM 

norm'd-fom; coefficient; 

(, A 

CA 

axial, -force iwymclcnli! 

u!! 

■'? 

cy 

aidc-farco cwx»t , l l t<!i«>»it| ii.-l&L 1: 2T.S.L'. 

'i: 1 ' 


t'AIS 

banc-force coefficient; 

f,! 

-ApU'b - v, u )h" 

%• 

CAE 

furobody axial. force coefficient, C A - C A ^ 

( m 

CIM 

pitch:! nr -moim •nt. coefficient! pi behind moment 

Cn 

CYN 

yawing -moment coefi'icl 

qRo 

C i 

('ML 

ro3.Hn/;-momont coefficient; rolling jnoment 

-l,1b 



f!tnbility-Axl;: fiyatem 

C L 

CL 

lift coefficient; 

r;f3 

C D 

CD 

<lr«r: coe fficient; 

qfi 

C »b 

CDD 

ba.ie-dran coefficient; base drag 

qij 

%: 

CDE 

forcbody draj; coefficient; C|j - 

C Y 

CY 

aide -force coefficient; lorc< -’ 

qs 

c ’m 

CIM 

pitcliin^-moment coefficient; 

C n 

cm 

yawing-moment coefficient; Yl 1 w Ai 1 ili! 1 SE c il!r, 

rJilU 

H 

CC.L 

rolling -moment coefficient; I'-IJilHLISSEHiik 

'lob 

L/n 

L/l) 

lift-bo- Iran ratio; Cj/Oj, 

V«r 

T,/T)l<’ 

lift to forcboily drnfl ratio; r: j/ r ' Dp 
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NOMENCLATURE (Continued) 
Additions to Standard Nomenclature 


SADSAC 
Symbol Symbol 

Ab 1 through 10 


ASC 

ASCl * A SCg 

CBF 

C e 

Cp^ through 12 

c PSCj» C PSC 2 
C Au CAU 

Pbi through 10 


PSCii PSC2 

SBF 

Se 

Xo 

Yo 

Zo 

XT 

VT 

*t 

BDFLAP 


Definition 

model base area associated with base pressure 
numbers 1 through 10, respectively, for base 
axial force Integration, ft 2 

sting cavity cross-sectional area, ft 2 

sting cavity base area associated with sting 
cavity pressures number 1 and 2, respectively, ft 2 

body flap mean aerodynamic chord, In 

elevon mean aerodynamic chord. In 

base pressure coefficient associated with 
orifice number 1 through 12, respectively 

sting cavity pressure coefficient associated 
with orifice number 1 and 2, respectively 

unadjusted axial -force coefficient 

base pressure measured at orifice 1 through 10, 
respectively, psla 

sting cavity pressure measured at orifice number 
1 and 2, respectively, psla 

body flap surface area, ft 2 

elevon surface area, ft 2 

Orblter longitudinal station, In 

Orblter lateral station, In 

Orblter vertical station, In 

external tank longitudinal station, In 

external tank lateral station, In 

external tank vertical station, In 

body flap, surface deflection angle, degrees 
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NOMENCLATURE (Concluded) 
Additions to Standard Nomenclature 


Symbol 

SAOSAC 

symbol 

Definition 

fl SB 

SPOBRK 

speedbrake, split rudder Inclusive deflectlor 
angle between outer surfaces*, degrees 

«r 

RUDDER 

rudder, surface deflection angle, degrees. 

«ei B 

ELV-IB 

Inboard elevon deflection angle, degrees 

6 e 0B 

ELV-OB 

outboard elevon deflection angle, degrees 

C IC0 L 

CHEO-L 

left outboard elevon hinge-moment coefficient 

Che i i_ 

CHE1-L 

left Inboard elevon hinge-moment coefficient 

C8M r 

CBW-R 

right wing bending moment coefficient 

CTW r 

CTW-R 

right wing torsional moment coefficient 

c het l 

CHET-L 

total left elevon hinge-moment coefficient 

Chet 

CHET 

total elevon hinge-moment coefficient 

Che i 

CHE I 

Inboard elevon hinge-moment coefficient 

Cheo 

CHEO 

outboard elevon hinge-moment coefficient 

Chbf 

CHBF 

bodyflap hinge-moment coefficient 

cm 

CBM1 

wing bending moment coefficient, station 1 

CBW2 

CBW2 

wing bending moment coefficient, station 2 

CTW3 

CTW3 

wing torsional moment coefficient, station 3 

CBM 

CBM 

wing benalng moment coefficient 

CTW 

CTW 

wing torsional moment coefficient 

Xcp/ *-B 

XCP/L 

longitudinal center of pressure location of 
total vehicle, percent reference body length 
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CONFIGURATIONS INVESTIGATED 


The model was an 0.015-icale representation of the Rockwell Inter- 
national Space Shuttle Integrated vehicle. The Qrblter was per VL70-000 
I40A/B lines. The external tank represented VL78-0QG0 31 A and VL78-OOGQ 
41A lines. The solid rocket motors were per VL72-0000 88D and VL77-0000 
36A lines. Figure 2 presents sketches of the model configuration. Model 
simulation Included attach structure, protuberances, fairings, fuel feed 
lines, vent lines, etc. Basic model construction was of ARMCO 17-4 steel. 

Model forces and moments were measured by a Task 1.5 inch MK VII A 
balance housed In the Orblter. The balance attached to a sting entered 
the model through the Orblter base. The left wing Inboard and outoard 
elevon panels and body flap were Instrumented with Miw sages as 

shown in figure 2h. The model right wing was Instrumented with a balance 
which measured wing bending and torsional moments as shown In figure 21. 
The model base was Instrumented to measure fourteen (14) pressures as 
shown In figure 2g. 

The OMS pod configuration (M;) was investigated during this test. 
Inboard elevon deflections of 0°, ft°, and 12° were Investigated. Out- 
board elevon deflections of -8°, -4°, and 0° were tested. The following 
shorthand configuration notation was used: 

0] ■ Orblter B 26 c 9 M 7 F 8 W 1 1 6 E 43 V G R 5 N 24 
T^ * External tank, T 12 
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CONFIGURATIONS INVESTIGATED (Concluded) 

S 1 ■ Solid Rocket Booster, S ]2 
?2 a Fairings, P$^ PS 2 PS 3 

P Q ■ Mlscelanecus components, P^ PT 2 PT 3 AT g AT g AT ? AT Q 

AT g FL<| FL 2 FR 6 


I 
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TEST FACILITY DESCRIPTION 


The tests were conducted In the Ames 9- by 7-Foot Supersonic Wind 

Tunnel. This tunnel Is a variable density, continuous flow type with an 

, * 

adjustable nozzle to permit supersonic testing ovar a Mach number range 
continuously variable from 1.5 to 2.5. The nozzle Is of the asymmetric, 
sliding-block type In which the variation of the test section Mach number 
is achieved by translating, In the streamwlse direction, the flxed-contcur 
block that forms the floor of the nozzle. 
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DATA REDUCTION 



Main balance data were reduced to coefficient form about a MRP locate' 
at: 

X T ■ 979,0 In 
Y t » 0.0 In 

Z T * 400.0 In 

The following reference dimensions were used: 

S = 2690.0 ft 2 
A b * 1290.3 In 

* used for C m , C n , C r X cp /K, 

Hinge moment data were reduced about their respective hlngellnes 
using the following reference values: 

S e * 210.0 ft 2 
C e « 90.7 in 

S 0F - 142.6 ft 2 

= 84.7 In 

Wing normal force, torsional moment, and bending moment were reduced 
about: 

X Q ■ 1307.0 

Y q ■ 106.0 (wing root chord) 

The following reference d1mens1ons*were used: 

S - 2690.0 ft 2 

C » 474.81 In 

b = 936.68 In 
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DATA REDUCTION (Continued) 


Torsional moment was reduced using c and bending moment was reduced 
using b. 

Post test analysis of raw wind tunnel data Indicated a zero shift 
had occured In the wing bending and torsional gages during the test. The 
mechanism by which this shift occured was not determined. Therefore, all 
wing root bending and torsional moment data Is suspect. 

In order to define the wing bending and torsional characteristics 
and determine where the zero shift occurred, gage Interaction corrections 
were applied to the data. The wing bending and torsional moment Indi- 
vidual gage values were corrected as Indicated by the following method: 

CBM1 - CBWlu + CBW2 U |{jl + § CTW3 U |{jl 

jiMn £ 

CBW2 = CBW1 U 3^ + CBW2 U + F CTW3 U m 

CTW3 ■ | CBW1 U ♦ | CBW2 U + CTW3 U 

where 

b « 1.709 ft. 

c = 0.5935 ft. 

the subscript u denotes the uncorrected coefficient values. 

The interaction corrections were defined as follows: 


3M 1 


9M 1 



3 R 3 

(+) 525.0748 

(+) o 

(+) -0.010466 

(-) 519.3585 

(-) 0 

(-) -0.011015 
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DATA REDUCTION (Continued) 


Mz 

aM2 

3M? 

bH 1 ] 

3M 2 

aM^ 

(+) 0 

(+) 517.1286 

(+) 0.029019 

(-) 0 

(-) 513.8207 

(-) 0.029664 

3M 3 

3M 3 

8M 3 

aMT 

W 

aMI 

(+) -0.012681 

(+) 0.019973 

(+) 916.415 

(-) -0.032586 

(-) 0.052287 

(-) 909.450 


The plus and minus signs In parenthesis Indicate the appropriate 
Interaction correction term to be used based on the sign of the uncor- 
rected coefficients (l.e., plus with positive coefficients and minus with 

negative coefficients). 

The wing bending and torsional bending coefficients were calculated 
using the following equations: 

CBW-R ■ CBW1 ( a ~) * CBW2 (l - jj) 

CTW-R = (CBW1 - CBW2)(fjj) { t ) * CTW3 

where: 

d = distance from M 2 to exposed wing chord (0.9448 in.) 

am * distance from M^ to Mg (0.6737 in.) 

em = distance from M 3 to torsion reference point (0.7050 in.) 
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DATA REDUCTION (Concluded) 


Base pressures were reduced to coefficient form. Base pressures 
were Integrated to compute base axial force using the following model 


areas: 

Abi 8 0.0106 ft 2 
Ab2 8 0.0201 ft 2 
Ab3 8 0.0101 ft* 
Ab4 • 0.0173 ft 2 
Abs 8 0.0027 ft 2 
A b6 = 0.0414 ft 2 


Ab 7 » 0.0490 ft 2 
Abs “ 0.03765 ft 2 
Abg = 0.03765 ft 2 
Abio * 0.0753 ft 2 
Absc “ 0.03409 ft 2 


* These reference dimensions appear on all plots and tabulated data* 


however, the data was reduced using the reference dimensions above 


as Indicated. 


TABLE I. 



REYNOLDS NUMBER DYNAMIC PRESSURE, STAGNATION TEMPERATURE 
MACH NUMBER ( p M f^.) (pounds/sq. inch) (degrees Fahrenheit) 


1. 5 2.5 x IQ 6 550 105 

1.8 T5 I " 550 105 
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TABLE III. - MODEL DIMENSIONAL DATA. 


^ MODEL 


GENERAL DESCRIPTION! 


structure . 


Modal Scale: 0.015 
DRAWING NO. VL72-00008QD 


DIMENSION: 


POLL SCALE 


MODEL SCALE 

L36A 


LWR ML 


Ltfi; ML 
16.980 








LWR ML 


LWR ML 
16.980 


Diameter of Members: TBD 


6.L3 


4 





TABLE III, - Continued. 


MODEL COMPONENT: , Attaoh Structure AT<^ 


OSIOMl DBCMmom , m, h t m t srMtir/BT «tt..h .tpuatur. M ^ rntM| 
Model Seale t 0.015 

MODEL NO. VL7Q-000Q S0 

DIMENSION: 


n 







mi ssm 

MODEL SCALE 

*0 

-MW 

19.6*5 

*0 

-at- 

l.LL 


258 

-2ifi22 

X T 


27. 

*r 

-U5-- 

-1.725 

Zf 

-=s* 

7.650 

*o 

1317 

19„75J 

*0 


I.44O 

7 0 

... 258 

3.870 

*p 

-2Q58 

30.870 

y t 

-115 

-1.725 


510 

7.650 

*o 

- -1317 

19.755 

*o 

-96 

1.660 

2 0 

2J8 

3.870 

Xt 

2058 

, 30.870 

*r 

0 

0 

Zt 

566 

8.690 


Diameter of Members: TBD 


TABLE III. ■ Continued, 


MODEL ^mpohemt, kttnah Struotura ATfl 

GENERAL DESCRIPTION i forward 3RB/BT *tt*eh atruotur 
Kodtl Sc®l#i 0.015 

DRAWING N0> VL77-QQ0051A, 


DIMENSION t 


FULL SCALE 




TABLE III. " Continued, 


MODEL COMPONENT! Attach Structure ATo _ 

GENERAL DESCRIPTION! Aft SRfl/ET att ach ■ true tore (3 member .etruatare) 


Model Scale i 0.015 
DRAWINO NOi VL7 2-000106 

DIMENSIONS! MEMBER 


PULL SCALE 

#1 

X B 

-Ji5 15 


*B 

+ 56 


Zb 

50 


Xt 

20S8 


y t 

+ 158 

• 

Z X 

— Jt52 

#2 

X B 




*B 

± 76 


Zb 

18 


x T 

2058 


y t 

160 


Z T 

-Ml 

to 

X B 

1515 


*B 

± 56 


z B 

- 50 


Xt 

2056 


Y x 

+ 158 


Z T 

_2a 


MODEL SCALE 

- 3&m — 

± .840 
.750 

_ 3 Q« 67 P 

2.370 

4.73 

22 >725 

1 1.140 

♦270 

30.870 
2. LOO 

, . fe -625 

22.7?5 
± .840 
- .750 
30.870 
± 2.370 

, ?.-2?0 


? 


Diameter of Members; TBD 


"REVISED 4/24/74 
( 1 1 1 - - -or.tlmiocl. 


MODEL COMPONENT WVX -,.5^ 

GENERAL DESCRIPTION Configuration 14QA/B Orhltar-FuMlarg 


NOTE; la Identical to fy, except underside of funelana had been 


rcfalred to accept w^, 

MODEL SCALE; 0.015 MODEL DRAWING; SS-A00147. RFLEA3E 1 2 


DRAWING NUMBER 


VL70 -000143 3, -00D200, 000205. -006039, -000145, 
-oooi40A, 6oo14oh 
\ 


DIMENSIONS : FULL SCALE 

"Length (OML: Fvd Sta. Xo*235)-In. 1293.3 

length (IML; Fvd Sta. y Q «3^a).Tn 

"Mox Width (@X = 1528.3) * In. £$.4., ,9. 

Max Depth (« x 0 = 1464) - In. gsn .o 

Fineness Ratio . ■■ 

Area - Ft 2 — - 


MODEL SCALE 
19-400 

1SL35G 

U2& 

U53..-- 


Mox. Cross-Sectional 


340.88 - 0.077 


Plonfor-n 


Watted 

Bose 


24 


ORIGINAL PAGE IS 
OP POOR QUALITY 


♦REVISED 4/24/74 

TABU III. - Continued. « ... 


mwt/hu uwnrwiiKn i ■ mmm 

GENERAL DESCRIPTION 


Vu*. 


tu 

SCALE:- 0,015.. 

MOTOTi mAWTHS: m-moiLt, wivas* m> 


DRAWING NUMBER -VI70-000143A 


DIMENSIONS : 

♦ Length ( X Q - 434.643 to 573) 
Max Width (<® ^ - 513.127) 
Mox Depth (@ x 0 = 485-0) 
Finentts Ratio 
Araa 

Max. Crois-Seetional 
Plonform 

Watted 


FULL SCALE MODEL SCALE 

... 143, Vt7 3.1*1 

— _g^B6- 

-■ ajLOOO — 0 375 


T 


Bote 


TABU III. - Continued. 


MODEL COMPONENT ; ,aum.B.ELSVaM qap.),.,— E yg 1 _ 

GENERAL DESCRIPTION: Configuration A/B Orbiter elevon 

BOSS: — la a alntt.ml vfirnloa of E a6 . **** a.™ fop one snaa 


MnnvT. arAT.ff. n.m* 


DRAWING NUMBER ; 
DIMENSIONS: 


jELTfi-nnoPoo, -006089, -006092 

a 

FULL-SCALE 


Area - rt 2 

Span (equivalent) , in. 

Inb'd equivalent chord , in. 

Outb'd equivalent chord , in. 

Ratio movable surface chord/ 
total surface chord 




349.2 


■ju&aait 

_5i02S. 




O.LOQ4 


0.00 


At Inb'd equlv. chord 
At Outb'd equlv. chord 
Sweep Back Angles, degrees 
Leading Edge 
Trailing Edge 
Hinge line 

Area Moment ( Product of Area and c)Pt^ 

Mean Aerodynamic Chord, (c), In. 90.7 


•10-056 

0.00 


MODEL SCALP 

<vnk73 

- 5.-238 

-J^TLQ 
0--028 


MjM 2§. 
0.4004 




M.-OSS. . 

AM 

a a?sais 

1-3605 


TABLE III. - Continued. 


l 


MODEL COMPONENT : , nnnv et.ap ■ ? Q 

GENERAL DESCRIPTION iLaa/w arm** Body ti«p. 

aiBgsUpe.^Psa.^ at V" i?aQ- 3 > V ;?- 261 »:3 


MODEL fiflAI.Rt Q.Qlfi model nBAwmc. 3 S-aqqiLt 

DRAWING NUMBER _ vt/p-omHim, .nnmLs 


DIMENSIONS - 

FULL SCALE 

MODEL SCALE 

Length (3^-1520 to Xq- 1613 ), In. 
Max Width , In. 

09 nnrt 

i * toe. 

— gfiSiOQQ 

L££ 

Max Depth (Xq - 1520), In. 

23.000 

»-3»5 

Fineness Rotio 
Area - pt^ 

Max. Cross*>Sectionol 
Planform 

■■ ASP‘?a?o 

0.0339 

Wetted 

JH tom 

Q-QQqUi 

Bose 
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cssb 


■ JJLiJXlLL W 'I ILLi.-L.LJL 



DRAWING HO i VL78-0Q0050 

DIMENSIONS t 

C Att Xip 

y t 


PULL SCALE 

2Q&1*2 

-=2£L_ 

1330.5 

_£Z2 

18.5 


MODEL SCALE 

30*253 

tiifl a 

J M SS 

-1-Q53 

.278 


Dlftmtter 









TABLE III. - Continued. 


MODEL COMPONENT,, Unt gig 

DESCRIPTION t LHa feed line between ET and orblter 
MODEL SCALE, 0.015 
DRAWING NO. t VL78-00005Q 


DIMENSIONS, 


(at X T 


Y T 


FULL SCALE 
20&3.5 

70 

1230 i? 

-22 


IS. 5 


MODEL SCALE 

— 30. 953 
1.053 

„ 19, m 
-A*0?3 

_*2Z2 


Diameter 


TABLE III , - Continued. 


MODEL COMPONENT i Fairin g FRfi 

GENERAL DESCRIPTION* Croft* Member between Aft BT/Qrblter attach 
Structures. 


MODEL SCALE* 0.015 

DRAWING NUMBER* VL78-0QQ062B . VL7a-000050 
DIMENSIONS * FULL-SCALE 

Leading Edge at X T 2035.50 _ 

Length 15.00 — 

193.00 


MODEL SCALE 
25.533 
0.225 
2.895 


Width 


1 


•TABLE III, - Continued. 


MODEL COMPONENT : oms/rcs pods ■ m t 1 

GENERAL DESCRIPTION , Cflnfl gyration itoA/B Orbital* OMfl/ROS Prvtg 



• • 

. ^ 

MODEL anar.ff. n s 

MQDgL.TOAWTWr. ; g3.AOOl47. RPT.PJfiE 


DRAWING NUMBER - _V 1 . 70 - 000 U 5 


DIMENSIONS ; 

FULL SCALE 

MODEL SCALE 

Length (OMS Fwd Sta X 0 »1233.Ol-In, 327 .Q-JO 


Max Width (@ x q • 1450.0) - In. 

SiuS 

l-MB 

Max Depth' (@ X 0 « 1493.0) - la. 

* 

109.000 

1.635 

t 

Fineness Ratio 
Area 

Max. Cross-Sectional 



Planform 

Wetted 

Base 

. 

* 


T 
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TABLE IU. - 


MODEL COMPONENT ■ 

GENERAL DESCRIPTION , ffanfjlgnreMfHU 
JB&Aj 



, Monirr. scAT.F.i n.mg 

DRAWING NUMBER u^a.aaaiiai > vr'jn.nnt 



DIMENSIONS : 

Length (OMS Fvd Sta. X^-1310.5),: 

Max Width (@ x© • 1511 ), In. 

Mox Depth (@ x Q « 1511 ), In. 
Finanass Ratio 
Area - Ft 2 

Mox. Cross-Sectional 


Plonform 


-I .. I- 




TABLE III, - Continued. 


MODEL COMPONENT: MPG N 0 ^LE4 - Ng 4 

GENERAL DESCRIPTION: Configuration l/ t O A/ B Orbltar MP3 nosalca. 


MODEL SCALE: Q«Q1 SO MODEL DRAWING? 33-A00147, Rel, 12 


DEWING NUMBER} VL70-005010A . VL70-nomAQA 


DIMENSIONS: 


FULL SCALE 

MODEL 3CALE 

Mach no. 




Length - In. 

Gimbal Point to Exit 

Plane 

157.0 

2.355 

Throat lo Exit Plane 


_ 99. 2 

_ 1.488 

Diameter- In. 
Exit 


91.000 

1.410 

Throat 




Inlet 




p 

Area - vt 
Exit 


45.166 

0.0102 

Throat 




Gimbal Point (station) - 
Upper Nozzle 

^0 

*0 

In. 

1445.0 . 

C" 

21.675 

6 

^'0 


441 

6.645 

Lover Nozzles 
Xo 


1468.170 

22.023 


Yo ± 53.000 + _ 0.?95 

z ° JiteM , 5.140 


Null Position - Deg, 
Upper Nozzle 
Pitch 

16 

10 

Yav 

o 

a 

Lover Noazle 
Pitch 

10 

10 

Yav 

— 

— i-i 
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TABLE III. - Continued 


MODEL COMPONENT I 


wy/taxa » n, 


GENERAL DESCRIPTION l 


MODEL SCALE t O.Q1SQ 
DRAWING NUMBER: VL72-( 


DIMENSIONS: 


PULL SCaLE MODEL SCALE 


MaCH NO. 


Length - In. 

Gitnbal Point to Exit Plane 
Throat to Exit Plane 


141, 3 ,. 


Diameter - In. 
Exit 
Throat 
Inlet 


Area - ft 
Exit 
Throat 


Gimbal Point (Station) - In. 


ma-qoo 


1796 > 15 - - 26.942 

+ 2 ia*a + — 3*M5 — 


Lover Nozzles 
X 
Y 
z 

Null Position - Iteji- 

Pitch 

Yaw 

FS of Nozzle Exit Plane (XijO, In, 
Lover Nozzle 
Pitch 
Yaw 


0 

2484.0 


0 

37.260 


ORIGINAL PAGR IB 
OB' POOR QUALITY 


MODEL SCALEt 


zm 

DRAWING NO; Nona 

DIMENSION : (Data for 1 of 2) 

FULL SCALE 


Loading edge at X B 467 
G of tunnel Y B 0 
Trailing edge at X Q 1Q2Q 
Height 3 


MODEL SCAT 

— ZlQPI 
o 

? 7 . 39 
.045 



TABLE III. - Continued. 


MODEL COMPONENT > a 
DESCRIPTION! I 


MODEL SCALEt. 
DRAWING NO. i 


VL77-00001 


DIMENSIONS! (Data for 1 of 2) 


FULL SCALE 


MO DEL SCALE 


C at X J3 
Width 
Haight h 


TABLE III. - Continued. 


MODEL COMPONENT t W Pr9MirM99 £83 — 

DESCRIPTION! Separation roekat fairing on each SftB flfllilt ihrQlrf AflMiUi 

,JP1 Aatourt tm cfirtirUnu. — 

MODEL aniTJ!, Q.QIS 

DRAWING NO. t VL77-000036A, 

DIMENSIONS: (Datf. for 1 of 2) 

PULL SCALE 

Leading edge at Xg 179& — 

Trailing edge at Xg -..12S2 


MODEL SCALE 
26.940 
26.335 


Radial location la 30* Inboard from top centerline. 



3 




,y. iWtS" 


TABLE III. - Continued. 


MODEL COMPONENT! BT Prot liberate f 


DESCRIPTION ; LOX feed linea on vehicle 4 tank aecured to tank by bracket a 
Mlfeb. iOrlnoh a pacing 


MODEL SCALE:. 
DRAWING NO. 


OiOll 


VL7ft-Q0003lA 


DIMENSIONS: Leading edge At Xt 

y t 

Trailing edge at Xt 

y t 

Bracket epacing from Xt “ 997 


FULL SCALE 

MODEL SCALE 

947 

14.205 

-70 

-1.053 

1330 

19.950 

-70 

-1.053 

50 
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•REVISED 4/24/74 


TABLE III. - Continued. 

MODEL COMPONENTS . 8 g ' * 

GENERAL DESCRIPTION: 2 a. 3 . ^ i4oa/r isottOgiuatloafl 




DRAWING.. NUMBER; VL70-000146A . VL7Q.QQQQQS. VL7O-0OOI39* 


DIMENSIONS: 

'•'LL -SCALE 

MODEL SCALE 

♦Area- Ft 2 



Span (equivalent) - in 

goi-Q 

StQtf 

Inb'd equivalent chord • in. 

91.585 

1-3738 

Outb'd equivalent chord - in. 

52J31 

0-7623 

Ratio movable surface chord/ 



total surface chord 



At Inb'd equlv. chord 

0.400 

-0.400 

At Outb'd equlv. chord 



o.4oo 

• 

Sweep Back Angles, degrees 



Leading Edge 

3jufi3- 

-34.83 

Trailing Edge 



2L21 

Hlngellne 

3iufiX_ 

34.fi* 

* Area Moment (Product of area & o)-Ft.3 

610. Q2 

o.qog 

♦Mean Aerodynamic Chord, In. 

73.2 

1.098 


1 
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TABLE III. - Continued. 

MODEL COMPONENT* BOOSTER SOLID RQCKCT MOTOR -(si2^ 

♦ 

GENERAL DESCRIPTION* Configuration 3A, Data for (I) of (2) aides, 
per Rockwell Lfoes VI.77-000036A i 

.Modal Scale » 0.01$ 

» , , . — ■■■■ ■■ 

VL72-000088D 

DRAWING NUMBER . VL77-OQOQ36A 

DIMENSION * 

Length (includes. Nozzle) - IN. 

Mok Width (Tank Die.) - IN. 

Mok Depth (Aft Shroud) - IN. 

Fineness Ratio 
Area - FT 2 

Max Cross-Sectional 
Planfbrm 

Wetted 
Base 

WP.of BSRM Centerline (Z?) - IN. 

FS of DSRM Nose (X<?) - IN. 


FULL SCALE 


MODEL SCALE 


1741.0 

142.3 

192.0 

9.06771 


26.115 


2.135 


2.880 


9.06771 


201.06193 


0.0452 


JkQO. 

743 


6, 000 

11.145 
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•REVISED 4/W74 

T/'QLE ill. - Continued. 

MODEL COMPONENT: VERTICAL - Vfl '» 

GENERAL DESCRIPTIONS tmration lhQAftt OrMt^r VerHrnl Tall- 


MODEL SCALE} 0.015 

DRAWING NUMBER: vi.7Q.ao oi LA t 

DIMENSIONS: 

* 

TOTAL DATA 

Area (Theo) - Ft 2 
. Flanform 
Span (Theo) - In. 

Aspect Ratio 
Rate of Taper 
Taper Ratio 

Sweep-Back Angles, Degrees. 
Leading Edge 
* Trailing Edge 
0.25 Element Line 

Chords: 

Root (Theo) VP 
Tip (Theo) VP 
MAC 

Fus . Sta. of .25 MAC 
W.P. of .25 MAC 
B*L« of .25 MAC 


MODEL DRAWING} SS-A00148, RELEASE 6 


FULL SCALE 

model sc/le 

U 13.253 

0.003 

3i . 720 

4.776 

1.67S _ 

1.675 

Q.5Q7— 

0-507 

,0.40k.- 

0 - UoU 

U*?.oon 

4*5.000. 

26.2 

26.2 ... . 

Li .130 

41.170 

268.500 

4.028 

108.470 

1.627 

1QO rtOS ? 007 

1U63.RQ 

pi -953 

. 635 . 522 

■g-533— 

0.00 

D.QQ— 


Airfoil Section 


Leading Wedge .^ngle - Deg. 
Trailing Wedge Angle - Deg. 

1Q.QQ 

14.020 

10.00 

14.020- 

Leading Edge Radius 

— 2*00 

0*030— 

Void . rea 

_njj 

0.003 

Blanketed Area 

CLQO 

0.00 
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, ^REVISED 4/24/74 
TABLE III, - Concluded. 


MODEL COMPONENT f WINQ-Wn.< 
GENERAL DESCRIPTION!, rv>nfi,n: 


TEST NOj. 
DIMENSIONS; 


TOTAL DATA * 

Area ^Yheo.) Ft 
Planform 
Span (Theo In. 

Aspect Ratio 
Rate of Taper 
Taper Ratio 

Dihedral Angle, degrees 
Incidence Angle, degrees 
Aerodynamic Twist, degrees 
. Sweep Back Angles, degrees 
Leading Edge 
Trailing Edge 
0,25 Element Line 
Chords : 

Root (Theo) B.P.0.0. 
Tip, (Theo) B.P. 

MAC 

• «Fus. Sta. of »2S MAC 
*W.P. of .25 MAC 
* B.L. Of .25 MAC 


: EXPOSED DATA o 

* Area Uneo) Ft 

* Span, (Theo) In. BP10B 

* Aspect Ratio 
Taper Ratio 
Chords 

i * Root BP1Q8 
Tip 1.00 b 
7 

* MAC 

* Fus. Sta, of .25 MAC 

* W.P. Of .25 MAC 

. . , # B.L. of .25 MAC .... 

, Airfoil Section (Rockwell Mod NASA) 
XXXX-64 

Root b • 

7 

T1p|- 

Oata for (1) of (2) Sides 
Leading Edge Cuff 2 
•Planform Area Ft* , 

* Leading Edge Intersects Fus M, L. @ sta 

* Leading Edge Intersects Wing 0 Sta 
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DWG. NO. VL70 -oooU'Q/-. -onn soo 
FULL-SCALE . MODEL SCALE 


2690.00 


- io^£ 

^5.209. 




Q.P^ 


-J 37.01 — 


Hill. V) 




0.605 
14.050 
~~~2 . J 26 b 


-J22J5 

10^4.00 


— 

45.000 


.. 1136 fla- • 


-wa 


p y^p 

o.nou ... 

in. 810 





JjJtiS 

jlzu — 


0.12 


.0.025. 




Positive directions of force coefficients, 
moment coefficients, and angles are 
indicated by arrows 

For clarity, origins of wind and stability 
axes have been displaced from the center 



Figure 1- Axis systems 
















Aft OHbiter/ET Attach Hardware 



g. Model Base and Sting 
Figure 2 . - I 








h. Elevon and Body Flap Hinge Moment Gage 
Figure 2. - Continued. 
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GAGE SCHEMATIC 


1. Wing Bending and Torsion Gage 

Figure 2 . - Concluded. 
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Lower Front View 




DATA FIGURES 


Note: 


The 999.000 In the parametric values of ALPHA and BETA for 

JJ®™ 5 J!£? u9h 17 1s onl * a f1a 9* actual values for 
ALPHA and BETA are given In the Individual datasets In the 
Appendix. 
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0UT90AR0 ELEVON DEFLECTION ANGLE, DEGREES. ELV-OB 

EFFECT OF OUTBOARD ELEVON DEFLECTION, MACH = 2.50, ELV-IB = 













OUTBOARO ELE«QN DEFLECTION ANGLE. DEGREES. ELV-OB 

OUTBOARD ELEVON DEFLECTION, MACH = 1.55, ELV-IB = 12.0 
















AMES 97-052 IAU0 L 01 T12 SI P2 P8 



OUTBOARD ELEVON DEFLECT t( 

FIG. 11 EFFECT OF OUTBOARD ELEVON DEFLECT l 




OUTBOARD ELEVON DEFLECTION ANGLE > DEGREES, ELV-OB 

0UT8QAR0 ELEVON DEFLECTION. MACH = 2.0C. ELV-I3 - 12.0 






OUTBOARO ELEVON DEFLECTION ANGLE. DEGREES. ELV-OB 

FIG. II EFFECT OF OUTBOARO ELEVON DEFLECTION. MACH = 2.00. ELV-IB = 12.0 















DEGREES. ELV-IB 




















INBOARD ELEVON DEFLECTION ANGLE. DEGREES. ELV-IB 

INBOARD ELEVON DEFLECTION. HACH - 1.55. ELV-OB 














OEGREES, ELV-IB 







[N80AR0 ELEVON DEFLECT [ON ANGLE* DEGREES* EL V- IB 

FIG. 15 EFFECT OF INBOARD ELEVON DEFLECTION. MACH = 2.00. ELV-OB = H.O 
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[N BOARD ELEVON OEFLECT ION ANGLE. DEGREES. ELV-IB 

EFFECT OF INBOARD ELEVON DEFLECT ION » MACH = 1.55, ELV-0B = -8.0 






DEGREES* ELV-IB 









DEGREES. ELV-IB 






INBOARD ELEVON DEFLECTION ANGLE > DEGREES* ELV-IB 

FI6. 16 EFFECT OF INBOARD ELEVON DEFLECTION, MCH = I .55, ELV-0B 




INBOARD ELEVGN DEFLECTION ANGLE. DEGREES. ELV- IB 

FIS. 17 EFFECT OF INBOARD ELEV0N DEFLECTION, MACH = 2.00. ELV-OB 
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ANGLE OF Al 

FIG. 18 COMPARtSON CF IA70 AND [AUO 










OF ATTACK. ALPHA. OEGREES 

[Alio RESULTS 







FIG. 18 COHPARI 

IAJMACH = 1.55 










ANGLE OF A1 

FIG. 18 COMPARISON OF IA70 AND IAUO 

CA3PACH = 1.55 
















FI6. 18 COMPARf 

IA5KACH = 1 .55 







474JW£0 



ANGLE OF A1 

FIG. 18 COMPARISON OF IA70 AND IA110 
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ANGLE OF ATTACK. ALPHA. DEGREES 

FIG. 18 COMPARISON OF IA70 AND IAU0 RESULTS 

CAJMACH = 1.55 
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APPENDIX 

TABULATED SOURCE DATA 


Note: Data from test IA70 used In this report are Included In the 
source data listing. 


Tabulations of plotted data are available on 
request from Data Management Services. 
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